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AbstractPatulin is a mycotoxin produced by different species of fungi of the genus Penicillium and Aspergillus, found 
in several species of fruit, and significant in apples. The purpose of this investigation is to the theoretical study of 
food contamination mechanisms by patulin and hazard of patulin for health. Various methods of determination 
of patulin and the possibility of reducing its level in apple-based products were analyzed. To reduce and remove 
patulin, several methods have been proposed that include post-harvest patulin control in products, pre-treatment 
control, and control by using physical and chemical methods, post-processing control such as packaging and using methods such as activated carbon or lactic acid bacteria. The standards and comparing the amount of patulin with them can be an important help in controlling this substance throughout the production processing of safe food.
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Introduction
Patulin, 4-hydroxy-4H-furo [3,2-c] pyran-2 
(6H) –one (Figure 1), is Produced by different 
mold but separated for the first time as an active antimicrobial agent during the 1940s Penicillium 
patulum (later called Penicillium urticae, present 
Penicillium griseofulvum) (Kumar et al., 2008).Patulin is a very reactive compound that easily comes into association with proteins and nucleic acids. This property is the main cause of 
harmfulness for living organisms, on the other 
hand it also allows quick inactivation of toxins in food and feed. The ingress of patulin through the gastrointestinal tract into animal organisms is generally unsafe. Only its high concentrations lead 
to inhibition of intestinal microflora development. Contamination with patulin applies to all types 
of raw materials and food products, such as: 
vegetables, grains, meat, cheese and bread. 
However, it applies the most to apples, pears, grapes and juices made from them. The content of patulin in fruit products is a good indicator of the 
quality of the raw material used to produce those 
(Zbyňovská et al., 2016). Patulin is a poisonous 
metabolite produced by molds, which is frequently 
observed in many fruits and their products (Diao 
et al., 2018). It is one of the most widely distributed 
mycotoxins observed in agricultural products (Ioi 
et al., 2017). Patulin is generated by Several species of Aspergillus, Penicillium, and Byssochlamys. Patulin accumulates in the infected fruit as a result 
of the fungal invasion (Wright, 2015). Patulin has 
antibiotic effectiveness on both Gram-negative and 
Gram-positive bacteria (WHO, 1996). Patulin too 
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has various toxic effects, including mutagenicity 
(Schumacher et al., 2005), DNA damage (Liu et al., 
2003), neurotoxicity (Sabater-Vilar et al., 2004) 
and still the development of allergies (Wichmann 
et al., 2002). Patulin contaminant of apple products 
is well recognized (Spadaro et al., 2007; Frank, 
1977; Scott et al., 1972). Patulin contaminant has too been reported in fruit products such as grapes 
(Scott et al., 1977), stone fruit (Buchanan et al., 
1974), peach (Karabulut & Baykal, 2002). Patulin is a metabolite produced by a number of microscopic 
filamentous fungi within several genera in a variety 
of food products, e.g. apricots, grapes, grape fruit, 
peaches, pears, apples, olives and cereals. Patulin 
is stable in apples and grape juice, but it dissolves in wet cereals and during garlic production. The 
remainder of patulin can cause Specific safety issues in products such as juice are obtained from apples and citrus fruits patulin in different fruit products had been determined and summarised 
here in Table 1 (Zbyňovská et al., 2016).Patulin is mainly found in the rotten parts 
of fruits and vegetables (Poostforoushfard et al., 
2017). Humans Exposure with patulin occurs through the use of contaminated products can 
lead to serious health problems (Dos Santos et al., 
2018). Several factors have been emphasized for the effect of the accumulation of patulin. In most 
cases, the production capacity of patulin has been independently investigated as an independent 
environmental factor such as temperature, pH and 
fruit diversity (Barad et al., 2016). FAO/WHO set 
temporarily maximum daily intake for patulin 0.4 
μg kg-1 body weights per day based on no effect on reproductive toxicity. European countries have set limits of on the content of patulin allowed in different foods: 50 micrograms per liter in dairy 
beverages and juices, 25 μg / L in apple products 
and 10 μg / L in baby food (Li et al., 2017).The 
European Union Scientific Committee for Food approved in 2000 the temporary highest tolerable 
daily intake (PMTDI) of patulin at 0.4 μg kg-1 body 
weight (Anonymous, 2000). In 2001, under the 
Directive 93/5 / EEC, the SCOOP task ‘Assessment 
of the uptake of patulin from the diet of EU Member 
States’ was carried out (Anonymous, 2001). FDA 
limits the concentration of patulin to 50 μg per 
liter in in single strength apple juice (Li et al., 
2017). The pathos for biosynthesis is about 10 
steps (Figure 2), The patulin biosynthesis cluster 
was originally identified in Aspergillus clavatus 
(Artigot et al., 2009). However, the cluster is also 
recently known in P. expansum, the main producer of patulin in apple. Patulin is observed mainly in 
low-quality apples diverted to the product of apple 
by-products (Morales et al., 2007).
Detection	and	quantification	of	patulin
Over the years, contamination of food with patulin had led to the development of methods to 
determine its presence and toxicity. Therefore, the 
identification and measurement of this mycotoxin 
requires the development of sensitive, selective 
and effective analyzes methods (Barad et al., 2016). 
Identification and quantification of patulin in food 
could be accomplished by several means like thin-
layer chromatography (TLC), gas chromatography-
mass spectrometry (GC-MS), high-performance 
liquid chromatography with ultraviolet 
detection (HPLC-UV), high-performance liquid chromatography tandem mass spectrometry 
(HPLC-MS), capillary electrophoresis (CE), 
fluorescence polarization, chemiluminescence 
assay, quantitative PCR assay, surface plasmon 
resonance (SPR), quartz-crystal microbalance 
(QCM),electrochemical reduction techniques and 
so on (Li et al., 2017). Several novel and improved 
techniques for patulin detection are developing 
continuously, for example, a NIR (near-infrared) 
method, applying fluorescently conjugated anti-
patulin antibodies can identify patulin quantities 
as low as 0.06 µg/L in diluted apple juice (Wright, 
Figure	1. Chemical structure of patulin (da Rocha et al., 2014)
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2015). More recently, molecular biology methods have been used in the study of patulin. The use 
of polymerase chain reaction (PCR) has attracted 
the attention of researchers. This method makes 
it possible to detect the presence of the IDH gene 
(isoepoxydon dehydrogenase) a fungus that 
probably produces patulin (Silva et al., 2007).            
Side	effect	of	patulinPatulin can produce acute and chronic toxicity. 
The acute symptoms of patulin include: agitation, 
convulsions, dyspnea, pulmonary congestion, and 
kidney damage. The chronic health hazards of 
Patulin use include genotoxic, neurological and 
neuropathic effects and carcinogenic effects (Li et 
al., 2017), as shown in Table 2. Patulin causes gastrointestinal disorders with 
ulcers, blockages and bleeding, and in higher doses 
of renal function. However, IARC does not classify 
Patulin as Class 3 as carcinogenic in humans (Bhat 
et al., 2010). Compounds such as cytochrome 
P450 inhibitors may increase PAT toxicity, while 
P450 inducers do not change their toxicity (Raiola 
et al., 2015). Gastric ulcer toxicity and toxic nerves 
in animals; Genotypes are some side effect patulin 
(JECFA, 1999).Ways to reduce or eliminate of patulin poisonPatulin poses a serious threat to people health due to consuming the foods contaminated by 
patulin often. Physical, chemical, and biological 
techniques have been extensively studied to 
eliminate or degrade it (Diao et al., 2018).
Harvest Management: The fruit harvesting 
quality is the first step in controlling the patulin surfaces. It has been suggested that all fruits should be used properly to prevent physical 
damage. The highest quality hand-picked 
fruits that are used for direct sales to retailers, apple processing usually involves mechanical 
harvesting, erosion, insect damage, or cultivating 
the fruit. Bruises, skin fractures and other physical damage in these apples give the full entry point for 
Penicillium expansum and other Patulin producing 
species to the fruit (Kabak et al., 2006). Patulin is not found in intact fruits as it causes damage to the surface of the fruit that can damage the 
Penicillium infection. Therefore, the critical point 
to control the quality of the fruit is the point at 
which the fruit enters the production line (Murphy 
et al., 2006). Also, conditions of apple storage 
are important. For example, quick cooling and 
keeping the atmosphere in the store improves 
the condition of the fruit. Ideally, the fruit should be loaded and at least 5°C for 3-4 days and the optimum temperature should be higher in 2 days. 
In addition, controlled environmental conditions have been reported to reduce the growth of mold in apples. Controlled atmosphere conditions may occur within 7 to 10 days from the start of loading and very low O2 regime (i.e. less than 1.8% O2 ) 
(Kabak et al., 2006).
Pre-Processing	Control	of	Patulin
Control of patulin includes storage, elimination 
of the fungi from fresh fruit and vegetables, and 
the utilization of fungicides (Ioi et al., 2017).
Storage: The conditions that foods after harvest and before processing can have a large effect on 
the ultimate quality of the product. refrigerated storage is only proper for relatively short times of 
storage. The application of a modified atmosphere 
is another control option utilized for the storage of 
food products (Ioi et al., 2017).
Table	1.	Patulin concentrations in fruit products quantified in stable isotope dilutionProduct Patulin concentration (µg L-1)
Apple juices, commercial products 5–26.0
Apple juices, home-made 11.4 23.9
Apple juice, specially prepareda <0.02
Apple-acerola juice, commercial product 0.7
Grape juice, commercial products 4.9–5.2
Sour cherry juice, commercial product 0.2
Blackcurrant juice, commercial product 0.1
Orange juice, commercial product 0.1
Plum pulp, commercial product 0.8b
Apple pulp, commercial product <0.02b
Raspberry syrup, commercial product <0.02b apeel and core were removed before pressing the apples, b values in µg kg-1
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Fungicides: A large number of fungicides have 
shown efficacy at different levels (Ioi et al., 2017).
Physical elimination of fungi and infected 
tissue: The quality of the food products is greatly 
dependent on the quality of the raw constituents 
(Ioi et al., 2017). The highest quality produce is 
typically classified out for sale as fresh produce, whiles it is common to use injured damaged fruit 
or even windfalls for the making of juices or purees 
(Moake et al., 2005). Although this lowers the cost 
and the use of low-quality fruits, it can reduce the 
safety of food products. In addition, the use of washing or trimming can be effective in reducing 
the final content of patulin and improving product 
quality (Ioi et al., 2017). Patulin is a water-soluble 
molecule and, by adding a washing step, a part of 
the patulin content in produce can be solubilized 
and eliminated (Cole et al., 2003). High-pressure water spray is more effective than rotary washings because spray helps to eliminate the infected tissue 
physically. The effectiveness of washing can vary, 
ranging from 10% to 100% decreases (Jackson et 
al., 2003). A more effective water-wash solution is 
recommended to reduce patulin, using 100-150 ppm chlorine washing solution for processed fruit 
and vegetable products (CFIA, 2009; FDA, 1998). Other choices for treating fruit comprise chlorine 
dioxide (Roberts& Reymond, 1994), hydrogen 
peroxide (Baldry, 1983), calcium salts (Conway 
et al., 1999), electrolyzed oxidizing water (Okull& 
Laborde, 2004), acetic acid vapor [42] and the 
application of an acetic acid solution of 2–5% for 
below than1 min was able to (Sholberg et al., 2000) completely inhibit the growth of mold and prevent 
the production of patulin (Chen et al., 2004).
Use of combined products and technologies: A study found that Apple pulp is compressed using Patulin and is transparent by using four different 
processes, namely finening with bentonite, enzyme 
(pectinase), filtering paper and centrifuging 
(Bissessur et al.,2001).
Use of packaging materials: Storage is the 
use of packaging materials such as polyethylene, 
which, through atmospheric control, shows the 
reduction of patulin production in apples (Moodley 
et al., 2002).
Use of physical and chemical methods: 
patulin get to the processed products, there are 
decontamination means – chemical, biological 
or physical treatments (Wright, 2015). Several methods of patulin chemical degradation have 
been proposed. Some of these are new methods, while others are additives that are used to produce 
other apple products, but they have. The next use is found as patulin catalysts. Of the types of 
studied chemicals, the most promising it contains 
ZIARATI et al.
Figure	2. Path way of patulin biosynthesis
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ascorbic acid, ammonia, potassium permanganate, 
sulfur dioxide, ozone (Ioi et al., 2017). A number of physical methods for reducing patulin are shown in Table 3.
Use of biological methods by detoxification 
of patulin: Some findings suggest that some of the bacterial lactic acid substrates are capable of 
detoxification of the patulin and may be useful in protecting humans and / or animals against the 
adverse effects of these compounds (Fuchs et al., 
2008). Also, patulin can be reduced by yeast in 
during fermentation to around 90% (Babaali et 
al., 2017). Another way of biological detoxification of patulin includes their absorption by adsorbent 
materials, in which various adsorbent materials 
have been investigated, including pure activated 
carbon, activated carbon-containing alginate, and 
calcium, a dry spray of inactivated yeast (Ioi et al., 
2017).
ConclusionsThe contamination of food by various types 
of toxin is a serious problem. Among of toxins, patulin is important in fruits and vegetables. Contamination of Patulin is a global problem and its toxicity has very important in food and agricultural 
products. Also, about the complications of patulin, 
there are limited and inadequate animal studies of 
the effects of patulin. Therefore, further research 
on epidemiological and toxic effects, especially in 
humans, is essential.
Currently, various methods are used to reduce the amount of patulin in fruit specially 
apple and apple juice. For example, post-harvest 
patulin control in products, pre-treatment control, 
control by using physical and chemical methods, post-processing control. It is important to assess 
the effectiveness of the specific conditions of each process before implementing the process control measurement. It is generally accepted 
that collecting fruits in dry conditions, placing in 
clean containers or other appropriate containers, 
transporting straight to the store, placing in cold storage in 18 hours of harvesting and cooling to 
the recommended temperature (1.5-4.0ºC) are all 
very important steps that should be taken if the overall level of infection of the mold decreases. 
Also, in various studies of non-thermal processes focused on ways which have been able to reduce the content of patulin in food products. But the main 
concern with each of these methods is inadequate research to explain the mechanism of action and potential toxicity in the products. According to 
studies, patulin is resistant to different steps of 
production. So, the most effective way to reduce patulin in food products is the implementation of 
GAP or GMP in farm & during the processing of food. In studies of the use of biological methods 
such as lactic acid bacteria and yeasts, they have 
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Table	2. Effects of patulin in animal sample (Puel et al., 2010)Species Dose ObservationsMice 24–36 mg/kg b.w*. every day or every other day Intestinal disordersRat 28–41 mg/kg b.w. every day or every other day Intestinal disordersRat 25–295 mg/L in drinking water Decreased weight, Decreased Cl creatinine
Gastric ulcers with high dosesRat 0.1 mg/kg b.w. every day Decreased lipids, Decreased triglycerides
Increased cholesterol, Inhibition of intestinal ATPaseRat 6–150 mg/L in drinking water Decreased food intakeDecreased weight with high dosesRat 0.1 mg/kg b.w. every day Increased testosterone and LH levelsAlteration of testis and thyroid morphologyRat 0.1 mg/kg b.w. every day Decreased sperm countAlteration in sperm morphology
Hamster 16 mg/kg b.w. every day or every other day Intestinal disorders
Chicken 100 µg every other day Intestinal disordersAlteration of renal functionInhibition of intestinal and renal ATPases
Monkey
5; 50; 500 µg/kg b.w. then 5 mg/kg b.w.every day No toxicity, Food refusal (high dose)Alteration  of  renal  function
(medium dose)*b.w. = body weight
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been effective in reducing the content of patulin, and do not change the main characteristics of the foodstuff and have the ability to detoxify and 
attach to patulin, but further studies are needed 
(Commission Regulation, 2006; PN-EN, 2004).
The level of patulin and 5-HMF in apple-based juices from commercial and organic production does not exceed the maximum levels indicated as obligatory by applicable law. The research of 
Polak-Sliwińska et al. (2013) over the content of 
5-HMF showed that its level ranged from 0.27 to 
0.33 μg dm-3 in commercial juices, while when in juices from organic production from 0.09 to 0.26 
μg dm-3. Patulin was detected in 10 juices analyzed 
at a level of 0.21 to 11.76 μg dm-3. The research 
results show that patulin and 5-HMF do not seem to be a problem in apples based on organic farms. It is comforting that the latest research by Tang 
et al. (2019) showed that after degradation of 
patulin no significant difference in the quality of 
apple juice was found, and the final the effect of 
patulin degradation was over 80% (1 mg / l) (Tang 
et al., 2019)
In addition, the presence of patulin and 
5-HMF in juices, the main component of which 
is apples, does not pose a health risk to the 
consumer of these products, although studies on the consumption of harmful substances higher than MRLs in products based on different fruits should be regularly monitored and monitored and 
properly documented. Based on this assessment, 
and considering PMTDI, a maximum level of patulin content should be set in certain foodstuffs in order to protect consumers from unacceptable contamination. Those maximum levels should be 
reviewed and, if necessary, reduced considering 
scientific and technical progress and the implementation of Commission Recommendation 2003/598/EC of 11.08 2003 on reducing patulin contamination of apple juice and apple juice 
ZIARATI et al.
Table	3. For examples of physical treatments
Category  Sample Mechanism of patulin Reference
Homogenization, pulping, 
pasteurization and aseptic 
packaging
Apple puree Decreased the patulin content in apple puree (Janotová et al., 2011)
Heat treatment
Apple juice Decrease (Tournas, 1994)Apple juice The mean loss of patulin was 
39.6%
(Welke et al., 2009)
Enzymatic treatment Apple juice The mean loss of patulin was 
28.3%
(Welke et al., 2009)Evaporation Apple juice loss of patulin was 28.4% (Welke et al., 2009)Apple juice Decrease (Tournas, 1994)Filtration Juice and apple purée Reduced patulin levels up to 40% (Bissessur et al.,2001)Apple juice Reduce patulin content by 39% (Acar et al., 1998)
Microfiltration Apple juice The mean loss of patulin was 
20.1%
(Welke et al., 2009)Fermentation Apple juice Patulin was unstable during fermentation (Lipowska et al., 1990)Ultraviolet radiation Apple cider Patulin levels decreased by 9.4 to 43.4% (Dong et al., 2010)Apple cider Apple juice Reduction of patulin (Zhu et al., 2013)
γ-irradiation Aqueous model system
Reduction of 67% at the radiation 
dose of 1.0 kGy
(Yun et al., 2008)Plused light Apple juiceApple puree Reduction of 78% in apple juice and of 51% in apple puree (Funes et al., 2013)
High hydrostatic pressure
Apple juice Reduce up to 56.24% of patulin (Avsaroglu et al., 2015)Fruit and vegetable juice blends Reduce patulin in juice (Hao et al., 2016)Ultrasonic Apple juice Reduction of 69.43% in apple juice (Gao et al., 2009)
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constituents in other beverages (Commission 
Regulation, 2006).Patulin is a mycotoxin that has a number 
of toxic effects not only in humans, but also in animals. The main sources of consumption of patulin in the human diet are apple juice and 
nectar. Therefore, food based on apples is most 
often monitored for this mycotoxin. However, 
there are reports (Sadok et al., 2019) about the 
presence of patulin in other fruits, including stone 
fruit and soft fruits. Most of them are seasonal, suitable for consumption for a short time and are usually processed to be commercially available throughout the year. Patulin can also be produced during food storage and remains stable during 
food processing procedures. Therefore, constant monitoring of the various fruit-based products should be carried out to ensure that the exposure of humans and animals to this toxin is properly assessed. 
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